farmers directly involved in the project? Have methods been incorporated into policy? What factors encouraged uptake of recommended IPDM technology and what factors hampered it? What lessons were learned about project design and implementation?
This brief summarizes the activities, findings and recommendations of this follow-up study.
highlights
• IPDM technology used to manage CPB in other countries was evaluated and successful technology was adapted for use in PNG. A total of 21 master facilitators, 131 facilitators and 378 farmers were trained in this technology, leading to the adoption of better farming practices.
• The following IPDM practices were emphasised: basic block sanitation, pruning, canopy reduction and height control, frequent and complete harvesting, regular and systematic monitoring, removal of infested pods, proper sanitation, target pod spraying, pod sleeving and the use of CPB-tolerant planting materials.
• Although it was not possible for all farmers to adopt all recommended practices, those who adopted all or some of the recommended practices experienced economies of scale, and improved yields and incomes, which sustained cocoa growing from 2012 to 2013 when cocoa prices were low.
• CPB1 IPDM training materials were integrated into private sector training and extension programmes.
• CPB1 IPDM package has become part of the national cocoa strategy and is formally recommended by CCIL in its IPDM manual for farmers.
• CPB management strategies have been integrated into the World Bank-funded Productive Partnerships in Agriculture Project (PPAP). To date 3,600 farmers have used the new practices and a targeted 20% adoption rate is expected to result in a total of 30,000 farmers adopting the new practices by 2019.
• CPB emergence created great uncertainty and distress among cocoa farmers (leading many to abandon their plots) but the introduction of CPB IPDM strategies has increased confidence in cocoa growing.
• CPB IPDM strategies are dependent on use of inputs and intensive labour. Adoption of these strategies depends, to a large extent, on farm size (economy of scale), world cocoa prices and opportunity cost of alternative crops.
context
Agriculture is the mainstay of PNG's economy, sustaining the livelihoods of 85% of the population and contributing 14% of foreign exchange earnings. PNG only supplies about 2% of the world's cocoa but it provides cocoa of a specific flavour to the United States market and good fermented beans with a high fat content for Asian grinders. Fourteen out of 22 provinces in PNG (the coastal provinces) grow cocoa with East Sepik, Bougainville (the Autonomous region of Bougainville) and ENBP as the main cocoa-producing provinces. Cocoa employs 31% of the national labour force and ranks third in export earnings, after oil-palm and coffee, and is grown in plantations and smallholdings. However, since the mid-1970s, plantation production has been declining and smallholder production increasing -with smallholders now growing 80% of PNG's cocoa. Cocoa is the main source of income for these smallholders, whose livelihoods depend upon it. Production relies largely on family labour, and crop husbandry and inputs are minimal. Few or no plant protection interventions are available to smallholders, and pests and diseases remain a constraint to improved crop production.
Cocoa stakeholders involved in post-harvest activities are categorised into primary, secondary and key stakeholders (PNGCCIL, 2009) . Primary stakeholders include smallholders, co-operative groups, large plantation owners, youth groups and NGOs involved in cocoa farming. Smallholders make up the majority of this group. Secondary stakeholders are traders, suppliers/agri-businesses, transport owners and processors. Key stakeholders include local, provincial and national authorities, statutory organizations such as the PNG Cocoa Board, and extension support providers. The domestic cocoa market is divided into the wet bean market, where smallholders sell unprocessed beans to buyers; and the dry bean market, where dried and fermented cocoa beans are sold to exporters or to registered dry bean buyers. Cocoa bean processing is governed by laws and regulations enforced by the Cocoa Board, which is also responsible for issuing licenses to those intending to ferment or export cocoa.
Pieces of land on which cocoa is cultivated, commonly referred to as 'blocks', can be pure stands of cocoa -as in the case of commercial or research plantations -or cocoa intercropped with food crops such as coconut, bananas, cassava, peanuts, or other fruit trees, in smallholder gardens. Block maintenance of cocoa in PNG is generally characterized by an absence of pest and disease control measures (Curry et al., 2007) . When cocoa is severely affected by pests and diseases, yields drop especially where management practices are not undertaken adequately so income from cocoa is lowered and growers will look for alternative income sources. As prices rise, more management is undertaken, cocoa yields rise, dependence on other income sources diminishes and cocoa becomes the focus of cash-earning activities. At this point, because farmers anticipate good returns for their labour, they show more interest in their blocks. Pest control costs money, so it is implemented only when farmers expect that income from cocoa will cover this extra cost. Fluctuating world cocoa prices (see Table 1 ) have a major influence on grower decisions -when they are high, farmers are encouraged to cultivate cocoa; when they fall, farmers dedicate less labour and resources to cocoa, or abandon it altogether.
Smallholders play a key role in the cocoa value chain and are significantly affected by any factor that has a negative impact on the crop. Despite the importance of cocoa to PNG and smallholders, cocoa production in the country is hampered by several factors including inadequate resources, credit facilities, farm management skills and marketing facilities. However, CCIL lists CPB infestation, and the risk of exporting it, as the greatest constraint to cocoa cultivation in PNG (PNGCCIL, 2009) .
CPB was first detected in PNG in 2006 and, although the government attempted to eradicate it, it re-emerged in 2007. Post-2008, the pest severely affected cocoa growing in ENBP and gradually spread to all major cocoa-growing regions of the country. CPB -Conopomorpha cramerella -a moth of the Gracillariidae family, lays its eggs on the cocoa plant. When the larvae hatch they bore into growing pods, damaging the placenta and arresting development of the cocoa beans. Under the right conditions, the female moth can lay up to 200 eggs and, with a lifecycle lasting just over a month, 11 generations can be produced in one year. Due to this prolific breeding rate, CPB can lead to devastating losses in a short time, which means anyone intending to grow cocoa must be able to manage CPB infestation levels in their blocks.
An ACIAR-sponsored study on CPB impact in ENBP, carried out by Curtin University, stated that CPB was the single largest threat to the economy and society of ENBP (Curry et al., 2011) . Efforts to eradicate CPB have failed and, despite high global demand for cocoa and the economic importance of the crop to PNG, its cocoa industry is in crisis because of this pest. PNG cocoa yields have been decreasing by 6% a year since 2006, especially in ENBP where cocoa production has declined from over half of total PNG output to less than 15%. This is thought to be a consequence of the emergence of CPB (Pearce, 2016) and data from the PNG Cocoa Board illustrates this trend (Table 1) . Much more needs to be done if PNG's 150,000 smallholders reliant on cocoa are to successfully manage CPB infestations. From 2008-2011, CABI partnered with CCIL to help PNG cocoa stakeholders to better manage CPB through the ACIAR-funded project, CPB1. There were three key activities: 1) improving surveillance and monitoring CPB infestations; 2) testing and adapting resource-matched and location-specific IPDM programmes for CPB management; and, 3) developing a farmer participatory training and research (FPTR) programme for the effective dissemination of technologies. The project built on earlier work on black pod disease , which had introduced IPDM approaches for cocoa production in PNG that, while not specifically targeting CPB, contributed to its management.
CPB was first detected in Kerevat Area of ENBP in 2006, when ENBP was the leading cocoa producer in the country. The economy of ENBP and the livelihoods of its people depended largely upon cocoa and there was an urgent need to establish strategies that would manage its impact on cocoa productivity and minimise its spread to other provinces. For these reasons, ENBP was selected as the main focus area for CPB1 activities.
By the end of the project, a number of scientific, capacity and community impacts had been achieved. A standardized scheme was developed for CPB surveillance and monitoring. CPB management practices from Malaysia and Indonesia were adapted for use in PNG and integrated with existing IPDM packages into an IPDM manual for use by extension workers and farmers. Training materials were prepared and disseminated to extension workers for wider use. Five treatments (ie. target pod spraying and sleeving under five different rates and timings of application) were tested and the findings used to develop the IPDM package, which included the following recommendations: basic block sanitation, pruning, canopy reduction and height control, frequent and complete harvesting, regular and systematic monitoring, removal of infested pods, proper sanitation, target pod spraying, pod sleeving, and the use of CPB-tolerant planting materials. The FPTR programme was implemented through the training of master facilitators (TOMF), training of facilitators (TOF), conducting farmer field schools (FFS) and the production and dissemination -to relevant agencies through CCIL -of several training materials, including a manual, posters (300 copies), a PowerPoint presentation and a DVD (50 copies).
A TOMF course was conducted for 21 participants from CCIL, the Department of Primary Industries (DPI) and the private sector. An important selection criterion was that participants should be committed to training others, and setting up and running FFS. The 21 master facilitators, in turn, trained 131 facilitators on the basics of CPB management, the criteria for identifying suitable FFS field sites, and how to set up and run FFS. Made up of farmers, extension workers, private trainers, DPI staff, ward councillors and various groups/committee members, facilitators were only selected for training if they were able to conduct FFS upon completion of training. Initially, only four FFS were planned but the facilitators managed to conduct 10 FFS at 10 different sites in the Gazelle district, ENBP, where 378 farmers (26% women) were trained. As a result, relevant knowledge and skills were widely disseminated to cocoa growers.
Cocoa farmers in PNG were already aware of the threat posed by CPB prior to CPB1 and were, largely, also aware of recommended management options. However, CPB1 was timely as farmers were yet to fully implement said practices.
Reeling from the CPB devastation of 2007 and low global cocoa prices, many farmers were, at the time, preparing to abandon cocoa in favour of other cash crops. When CPB1 started in 2008, the project initiated enhancing existing IPDM strategies to specifically target CPB and to put in place a training programme for farmers. It can be difficult to gauge with certainty CPB1's effect on encouraging farmers to continue in cocoa -when those decisions are also closely tied to fluctuating world cocoa prices -but, in 2015, four years after the project ended, CABI went back to the project sites with just that goal: to evaluate progress and long-term CPB1 outcomes. Attribution of outcomes to a single project such as CPB1 does not make sense when there have been other initiatives before and since. However, the evaluation study sought to track how outcomes from CPB1 are contributing to the overall fight against CPB in PNG.
Specifically, the aim was to find out:
• How did the farmers trained in CPB management benefit from the knowledge disseminated by the project?
• To what extent do those trained as trainers still impart knowledge to others?
• How useful were project materials? Did they continue to be used after the project closed in 2011?
• Which PNG organizations working in cocoa production/trade/extension continue to practise or promote the recommended technologies? Have methods been incorporated into policy?
To feed into future project development, it was also important to tease out any lessons learned about project design and implementation. Had we done everything in the best possible way or, in hindsight, could we have done certain things differently? Were there particular circumstances under which farmers were more or less likely to benefit? To assess all this, we conducted a household survey of farmers who had been trained by CPB1, held KIIs with stakeholders, and reviewed literature. CCIL staff and extension officers assisted with the household survey by administering questionnaires prepared by CABI. A total of 80 farmers (eight from each of the 10 FFS), 12 master trainers and 28 facilitators were interviewed on demographics; their landholdings and cocoa production; how yields and income had changed in recent years; cocoa management practices being used; the training materials used in CPB1; and whether they had gone on to train others since culmination of project activities.
Organizations interviewed included government institutes (staff of CCIL, DPI, the Cocoa Board and PPAP); staff of the University of Natural Resource and Environment (UNRE) at Vudal; private sector organizations involved in cocoa, including cocoa exporters Agmark and Outspan; and others such as growers' associations.
findings
How did farmers benefit: Interviews with cocoa producers and exporters, such as Agmark, indicate that farmer decisions on whether or not to invest in cocoa production are economic, based on cocoa prices and cost of production. CPB management practices require a significant investment in terms of inputs such as spraying equipment, protective clothing and pesticides; and labour, which could be costly for a smallholder with a small number of trees. The investment may not be offset by the income generated. It was observed that when cocoa prices fell below 400 kina per bag (6.5 kina per kg; ~ US$2), many farmers ceased investing in good management practices. For example, when cocoa prices went down immediately after CPB1 ended in 2011, many farmers stopped investing in cocoa production. Average prices per kg reported in 2012, 2013 and 2014 were 5.4, 5.5 and 5.6 kina/kg, respectively, with 6.1 kina/kg being the median price. Interest in production only returned in 2014-2015 when prices started to rise again. As a result, the household survey data showed a high degree of variation in cocoa production behaviour and it was difficult to derive clear conclusions when analysed as one set of data. In order to tease out lessons learned, the data was regrouped based on the "Technology adoption life cycle model" (Beal et al., 1957) . Farmers were then categorized into three groups using the above model as a guide, but adapting it to local conditions ( Table 2) . These farmers tend to have larger farms, treat cocoa growing as a business and have more cash flow.
B 40
Those who followed suit when cocoa prices increased above kina 400/bag (started replanting from 2014 onwards); their benefits will be delayed and they will likely request refresher courses or re-training.
These farmers are more conservative but open to new ideas and influence their neighbours.
C 35
Those who did not invest in recommended practices and did not experience improved yields; the training had no impact on these farmers and they did not benefit from economies of scale.
These farmers are very conservative, have smaller farms and less capital, tend to be subsistence or part-time cocoa farmers, with other employment. They would rather invest in more profitable crops or their jobs. Table 3 shows that for farmers in category A, yields started off high and increased gradually; while the yields of farmers in category B were low at the start and then increased. Yields of farmers in category C decreased from 2012 to 2014. The majority of farmers in category A were male (82%) and had larger farm sizes and a lot more cocoa trees (Table  3) . Farmers in category C were more likely to have secondary, tertiary or vocational education than other categories; they work elsewhere and consider cocoa farming to be a 'side' job or informal subsistence farming engaged in for a little extra income. The data also showed that 75% of these farmers mentioned engagement in occupations other than farming -while only 12.5% with primary or no education had any off-farm activity. Farmers in category A were more likely to have been following the CBP management practices provided in training (Table 4 ). It was found that the pod sleeving method, which avoids use of chemicals -although effective and environmentally-friendly -was not sustainable. The plastic bags required for this method are quite costly and not readily available, so farmers who practised pod sleeving during the project period, when bags were provided, did not continue once the project concluded. Pesticide application equipment is also expensive as it has to be purchased, along with personal protective equipment and pesticides, and this deters growers who do not enjoy the economies of scale that would justify the capital outlay. 
* indicates key CPB management practices that lead to increased cocoa yield
Traditionally, cocoa in PNG has been a low-input crop. It is treated as a subsistence crop, with some farmers referring to it as an 'ATM' crop as cocoa pods are a ready source of cash, often harvested and sold when households need money. With the arrival of CPB in PNG, any pods that were not harvested on time were attacked and damaged by the pest, which meant the traditional low-input systems yielded low or no returns. Cocoa production was therefore only viable under a more high-input system with increased pesticide and labour costs. Consequently, many farmers switched to alternative enterprises rather than invest in high-input strategies; and only 25% appeared to adopt improved strategies and maintain or increase yields.
Smallholder cocoa growers often have diverse income sources including copra (coconut), garden produce, betel nut, vanilla, livestock and trade-stores (Curry et al., 2007) and livelihood strategies are likely to vary. The importance of cocoa production as an income source is different for men and women -with women ranking the income from markets higher than the income from cocoa and the reverse being true for men (Curry ibid.) . This may be the reason why women were less likely to invest time and money in more intensive management practices compared to men (as shown in Table 3 , most women fell into category C). Hence, for future training, it would be more effective to target growers in category A first so that they, in turn can influence, teach and encourage other farmers.
Training:
The survey revealed that seven out of 12 master trainers, and nine out of 28 farmer trainers, continued to train others after the project concluded. Of the master trainers, two became full-time trainers: one became lead trainer/ project manager at the Didiples Integrated Training and Extension Centre (DITEC); and the other became the training coordinator at the Agmark Tokiala training centre. Most of the master trainers were professionals involved in extension work for private sector companies or researchers. More than half of the farmer trainers were farmers or cooperative representatives, with the rest mainly self-employed; two were researchers. During project training, master trainers and farmer trainers used project materials, but master trainers were more likely than farmer trainers to use formal training aides, including a training manual (75% and 46%, of master and farmer trainers, respectively) and PowerPoint presentations (42% and 18%, of master and farmer trainers, respectively). The project management strategies have been incorporated into the IPDM package of CCIL's cocoa strategy, produced as a manual and are disseminated through various extension activities. The practices are also being integrated into training delivered by private sector companies such as Agmark.
Materials:
The CPB1 FFS training manual was used for TOMFs and TOFs during the project. It was then adapted into various training documents for use by private sector actors like Agmark Tokiala training centre, DITEC and Outspan. A cocoa management practices training manual was published by ACIAR in 2008, and revised in 2011 to include additional CPB management strategies from the project (Konam et al., 2011) . The pocket sized manual continues to be used and has proved very useful for farmers and trainers. The project posters and video have not been used due to insufficient funds for mass production and dissemination. Similarly, the PowerPoint presentation was largely unused as farmers generally do not have access to computers and power.
Continuity of IPDM practices:
Some stakeholders (such as the Cocoa Board, CCIL, DPI, provincial technical teams and private sector players) continued working in cocoa and sustained the momentum of CPB1. Agmark, one of the beneficiaries of CPB1 training, has adapted the CPB1 method, rebranded it as 'five steps' and is, to date, heavily involved in training and awareness of CPB management. Some new players, affiliated to those who follow the CPB1 methods, are also perpetuating the methodology; for example, OLAM, a big cocoa buyer, purchases cocoa beans from Outspan who use the FFS approach. The Training by Association scheme is a hugely active training programme supported by the PNG Sustainable Development Program: trainees are brought in from various parts of PNG and manage cocoa farms using the Agmark method. IPDM practices developed by CPB1 and an earlier ACIAR project are being used in the World Bank-funded PPAP, which is targeting 30,000 coffee and cocoa farmers by the end of 2019 and anticipates adoption rates of 20% (Pearce, 2016) , similar to adoption rates observed for CPB1 farmers.
The overall conclusion of the CPB1 impact study is that, although the impact of CPB1 alone was not significant, it has made a substantial contribution to the fight against CPB. The key CPB1 output was a modified IPDM CPB package, produced as a training manual for extension workers and farmers -which led to better farming practices and improved yields -directly and indirectly by feeding into the World Bank PPAP (Pearce, 2016) . This package was disseminated widely, incorporated into a training manual, and reproduced as a variety of training materials that were used to run FFS. A total of 530 trainers and farmers received training on this technology. IPDM has been integrated into national cocoa policy and is disseminated through extension activities. CPB1 increased the potential for higher yields.
Field visits strongly indicate that, whereas CPB emergence created great uncertainty and distress among cocoa farmers (leading many of them to abandon their plots), the development and dissemination of IPDM techniques dramatically increased confidence in cocoa growing. Farmers have achieved substantial yield increases, and adoption of IPDM techniques has extended beyond the original project areas. It should be noted that benefits of the project are ongoing and will continue to be reaped into the future. Follow-up projects such as PPAP and CPB2 are testing and distributing new CPB-tolerant germplasm. An ACIAR impact evaluation noted:
"The three projects in PNG Curry, 2011; and CPB1] We have learned some valuable lessons:
• The need for increased inputs creates a particular challenge to adoption of IPDM practices, especially in parts of PNG where most cocoa farming is typically very low input. Complex economic and social calculation within farming households and communities is involved when considering adoption of these practices. The opportunity cost of labour is key here.
• Furthermore, are the materials for the technologies readily available? Is it cost effective? What are the implications of economies of scale? Bigger producers can produce more cocoa, reduce the cost per kg of cocoa beans and thus handle low prices. Smallholders are unable to absorb this cost.
• The above economies of scale suggest a need for more strategic recruitment of farmers for training, targeting the growers who are most like those in category A. However, the study team also noted that some PNG communities are close-knit and attempts to single out particular farmers could be counter-productive. Participation of the whole village should be considered, but also the selection of individuals by local leaders/chieftains/head-men -with requests from project staff for selection of those most likely to benefit from training.
At the start of CPB1, the pest was present mainly in ENBP but has, since, spread to all cocoa-growing provinces.
A new project (referred to as CPB2), led by Sydney University and involving CABI, is working in ENBP, New Ireland, Bougainville and Madang provinces to build on the work started by CPB1. Titled 'Improved management strategies for cocoa in Papua New Guinea', CPB2 is expected to produce versatile and region-specific extension guidelines for intensified cocoa management involving CPB-tolerant germplasm, improved pest and disease management practices, improved soil fertility, and improved cocoa quality and market access. The use of organic fertilizer (cocoa pods and manure) and application of bio-pesticides have been added to CPB1's IPDM package to form an improved IPDM package used in CPB2 trainings. The extension method that was tested during CPB1 (the FFS approach) is being widely applied in PPAP and CPB2 sites.
CPB2 has a wider scope than CPB1, focusing not just on CPB management but on all aspects of cocoa growing, extension work, testing of planting material, business/marketing and training. CABI will be leading the training component of CPB2, and is responsible for developing training materials and region-specific extension strategies, specifically TOMF.
